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Introduction
In this contribution, we review HeNB Rel 8/9 interference management considered in [1]. The focus in this contribution is on the DL interference management techniques and the impact on the radio link monitoring procedure at the UE.
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Rel 8/9 interference management techniques
The scenario we consider is the co-channel deployment of closed HeNBs in a macro network. We review Rel 8/9 techniques evaluated in [1] and focus our attention on the DL interference management. In all of the scenarios we review, closed HeNB is considered as the dominant interferer to a macro UE.
The Rel 8/9 DL interference management techniques described in [1] can be divided into the following categorizes:

· Control channel protection

· Data channel protection

· Power control

2.1

Control channel protection
There are basically two techniques that aim to protect the DL control channel listed in [1]. The first one consists of OFDM symbol shifting and the second one represent partial co-channel deployment scenario, where close HeNB occupies only a fraction of the bandwidth utilized by the macro network. 

2.1.1

OFDM symbol shifting

OFDM symbols shifting attempts to avoid interference between PDCCH regions of the interfering cells. In this case macro cell and a closed HeNB cell. For example, if PDCCH in two cells span 2 OFDM symbols, in synchronous deployments, a shift of 2 symbols ensures that PDCCH regions will not interfere. OFDM symbol shifting is illustrated in Figure 1.
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Figure 1: OFDM symbol shifting.
As it can be seen from Figure 1, the interference from HeNB for macro UEs is however not eliminated. Macro UEs would still receive interference on PDCCH. The only difference is that the interference would come from HeNB from the corresponding PDSCH. And HeNB PDCCH will now interfere with macro UE’s reception of PDSCH. Muting PDSCH transmissions on OFDM symbols that overlap with PDCCH as suggusted in [1] would create backward compatibility issues.

Dominant interference, even over part of the control may not always prevent reception of the DL/UL grants and PHICH, but it will almost certainly trigger radio link failure at the UE, since the radio link monitoring procedure requires the UE to average radio condition across entire system bandwidth.  

2.1.2

Partial co-channel deployment
Partial co-channel deployment consists of interference management technique where HeNB deployment is constraint to the bandwidth that only partially overlaps with the bandwidth of the macro network. Hence over part of bandwidth interference could be reduced, but as long as dominant interference is present over part of the system bandwidth, UE triggers radio link failure procedure. Partial co-channel deployment scenario is illustrated in Figure 2. As it can be seen from the figure, part of the PDCCH bandwidth can receive severe interference. Under that condition UE is likely to declare radio link failure. 
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Figure 2: Partial co-channel deployment.
2.2

Data channel protection
Data channel protection is in general feasible with existing Rel 8/9 interference management techniques, or backhaul extensions that could be transparent to Rel 8/9 UEs. However, the issue with radio link monitoring remains. As long as the dominant interference is present over part of the system bandwidth, even though UE is never scheduled over that part of the bandwidth, UE triggers radio link failure. This is due to the fact that the radio link monitoring is performed over of the control resources and if all of the control recourses are not protected, radio link failure is triggered. Data channel protection technique is illustrated in Figure 3. As it can be seen from the figure, the control channel is not protected and UE triggers radio link failure when experiencing dominant interferes on at least part of PDCCH bandwidth.
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Figure 3: Issue with data channel protection under dominant interference.
2.3

Power control

For the power control techniques discussed in [1], a common denominator is they aim to minimize HeNB transmit power based on HeNB measurements.  We have evaluated a variant of the baseline smart autonomous network scheme based on HeNB measurements of macro network eNB receiver power in [2] using the evaluation methodology from [3]. We showed that very large percentage of macro UEs remains in outage. 

A possible improvement to the baseline techniques would be that HeNB is aware of the pathloss towards the macro UE to which it creates dominant interference. If accurate pathloss measurements could be made available to HeNB or pathloss could be accurately estimated, such schemes might further reduce occurrence of radio link failures for macro UEs. However, the price to pay for the reduction in macro UE outage is significant quality of service reduction, and in many cases loss of coverage for HeNB UEs due to reduction transmit power and/or complete silencing of HeNBs. For example, visitors of the HeNB owners would almost certainly, prevent HeNB service for its owner. In our view, regardless how often this scenario shows up in the evaluation methodology, it will certainly impact user experience in practice often enough so that it could not be ignored.
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Conclusions

In this contribution, we provided a high level overview of the baseline Rel 8/9 interference management techniques described in [1] that attempt to address interference issues in the presence of closed HeNBs. Even though, some of these techniques in general reduce harsh interference from closed HeNBs to macro UEs, none of them is robust enough to prevent macro UEs in the vicinity of closed HeNBs to declare radio link failure. 
Therefore, we propose that more robust interference management techniques are considered for Rel 10.
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